In this study, 153 Italian centenarians from four different geographical areas, including Modena (northern Italy), Ancona (central Italy), Perugia (central Italy) and Sardinia island (AKEA Project) were enrolled. Plasma levels of vitamin C, uric acid, vitamin A and vitamin E as well as the activities of superoxide dismutase and glutathione peroxidase were measured. Subjects were compared to a younger control population of the same areas, divided into three age groups: p60; 61-80 and 81-99 years. The main result of this study is that, whereas in Italian population elevated levels of plasma vitamins A and E seem to be important for longevity, this do not apply to centenarians from Sardinia, in which probably other factors play a more important role.
Human longevity is a multifactorial condition with both genetic and environmental contribution. Among modifiable protective factors allowing the achievement of advanced age (Rattan, 2004) , optimal antioxidant status of the organism is considered to play an important role in counteracting the detrimental effects of age-associated free radical hyperproduction and oxidative stress (Meydani, 1999) .
In a relatively small sample of centenarians, which represents a good model of human longevity, we previously observed high plasma levels of vitamins A and E in the presence of otherwise relatively poor plasma antioxidant status in comparison to younger subjects (Mecocci et al., 2000) . To verify this finding in a larger centenarian population, in the present study we enrolled 153 centenarians (113 females, 40 males, mean age 101.871.9 years) from four different geographical areas in Italy: 32 subjects from Modena (northern Italy), 20 subjects from Ancona (central Italy), 30 subjects from Perugia (central Italy) and 71 subjects from Sardinia. Subjects were compared to a younger control population divided into three age groups: p60 years or group A, n. 89 subjects (55 F, 34 M, mean age 53.675.0); 61-80 years or group B, n. 57 subjects (27 F, 30 M, mean age 70.675.9); 81-99 years or group C, n. 73 subjects (43 F, 30 M, mean age 91.576.1). Centenarians were defined as group D.
All subjects, evaluated according to the study protocol (Deiana et al., 1999; Franceschi et al., 2000) , were substantially healthy, free from major organ failure and well nourished. After informed consent, one 10-ml blood sample (heparinized tube) was withdrawn and immediately centrifuged. Plasma was stored frozen at À801C until analysis.
Vitamin C and uric acid were detected by high-performance liquid chromatography (HPLC) with electrochemical detection (Kutnink et al., 1987) ; vitamin A and vitamin E were measured by HPLC with UV detection (Nierenberg and Nann, 1992) ; superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities were measured spectrophotometrically, as previously described (Flohé and Günzler, 1984; L'Abbé and Fisher, 1990) .
Statistical analysis was performed with the program Statistical Package for the Social Sciences (SPSS version 11.5, Chicago, IL, USA). ANOVA with Scheffé post hoc test was used for comparisons between groups. All data are presented as mean7s.d. An overall P-value of at least 0.05 was required for significance.
As shown in Table 1 , plasma levels of the two water-soluble antioxidants vitamin C and uric acid were significantly higher in subjects of groups A and B compared to C and D, indicating an age-related decrease. These results are in agreement with our previous study (Mecocci et al., 2000) . We also found a decrease in the activities of two potent antioxidant enzymes, SOD and GPx, along with age. Finally, in this large sample of centenarians, we confirmed the previously observed elevated plasma levels of the liposoluble vitamins A and E compared to younger groups. However, this latter result did not apply to the centenarians from Sardinia, and, interestingly, their plasma vitamin A and E levels did not significantly differ from those of younger subjects of the same geographical area (data not shown).
More in detail, Sardinian centenarians showed significantly higher levels of uric acid than centenarians from Ancona, Modena and Perugia, as well as significantly lower vitamin A and E levels. Their SOD and GPx activity was lower compared to centenarians from Modena and Perugia, as observed also in centenarians from Ancona (Figure 1) .
The main result of this study is the observation, in a large number of centenarians, of elevated levels of plasma vitamins A and E. This appears to be a characteristic of longevity in the Italian population from different geographic areas but does not seem to apply to the centenarians from Sardinia. So, it is conceivable that in Sardinia other factors, in example genetic, rather than environmental factors play a major role in longevity compared to other Italian populations. This aspect, for example, is supported by the observation that in Sardinia the centenarians' male: female ratio is 1:2, being between 2 and 3 in Southern Italy, and between 5 and 7 in Northern Italy (Passarino et al., 2002) .
This supports the idea of a peculiar background of Sardinian centenarians, probably associated to genetic and demographic aspects still under evaluation (Caselli et al., 2006) , in addition to those linked to antioxidants and already known to play an important role in longevity. 
